A scaler has been fabricated to count the signals from any radiation detector. It can count signals of frequency up to 140 kHz. Transistor Transistor Logic (TTL) is used in this scaler. In this article the details of the design, fabrication and operation processes of the scaler is presented.
Introduction
In India R&D projects on various gaseous detectors such as Gas Electron Multiplier (GEM), Resistive Plate Chamber (RPC), Single Wire Proportional Chamber (SWPC), Multi Wire Proportional Chamber (MWPC) and scintillator detectors are being carried out now a days for various low energy nuclear physics and high energy physics (HEP) experiments [1, 2, 3, 4, 5] . During the characterisation of any detector, the analog input signals from the detector are fed into discriminator and the corresponding digital signals are counted. Different scalers or counters are commercially available for this purpose. The available commercial scalers are quite expensive. An effort is going on in our collaborative work to build a cheap in house scaler. In that spirit a rising edge triggered 4-channel TTL (Transistor Transistor Logic) scaler has been developed to record the number of pulses in a given interval of time. The four channels are independent and each channel is capable of capturing maximum 4,294,967,295 (2 32 -1) number of pulses i.e. each channel can count maximum 4,294,967,295 (2 32 -1) number of signals. In this report the details of the design, fabrication and calibration of the scaler is presented.
Design principle
One standalone 4-channel edge triggered TTL scaler is designed here to count the pulses from the detector [6] . The scaler is powered directly from the 220 V Fig. 1 and Fig. 2 respectively. The power switch of the scaler is placed at the rare side of the device as shown in Fig. 2 . There is a red LED which will glow when the scaler is switched on. There are four inputs to the scaler. All the inputs are fed with BNC connector as shown in Fig. 2 . The analogue signals from the detector is first discriminated from a discriminator module and the TTL signal is generated either from the SCA or from a NIM-TTL converter. The TTL signal is fed to one of the inputs of the scaler. The scaler can accept user command by external knob (potentiometer) for setting up of sampling time. The maximum sampling time can be set to 120 minutes. The black knob is marked as "Time Regulator" in Fig. 1 . After setting up of sampling time one pulse switch (KEY) is pressed to start the count. This switch is marked as the "Set Time" in Fig. 1 . The sampling time is set in minutes as shown in Fig. 3 . The elapsed time during counting are displayed on the LCD in seconds as shown in Fig. 4 . At the end of counting the number is displayed on the LCD as shown in Fig. 5 . Each channel has 10 digit display as seen in Fig. 5 . The scaler can be controlled by computer and the counted numbers can automatically be stored in the computer. The scaler has been designed to avoid multiple counting with larger pulse width. So, the edge trigger with fast response has been designed i.e. the scaler counts only when the digital signal changes its state from 0 to 1. A rate of maximum 140 kHz can be counted without any delay independently in four channels. The time is calculated in millisecond accuracy so a high precession counting can be achieved. The entire scaler is designed using independent Atmega328 microcontrollers. There are five numbers of microcontrollers out of them one is MASTER and other four are SLAVES and the MASTER-SLAVE communicates with (Inter-Integrated Circuit) I 2 C protocol. The block diagram of the scaler is shown in Fig. 6 . The functions of the Master and Slave controllers are given as flow chart in Fig. 7 and Fig. 8 respectively. known frequency is fed to the input of the scaler. The number of signals are counted for 2 minutes for each settings and from it the rate is calculated. This calibration is done for all four channels individually and the calibration curve is drawn. The calibration curve for the count rate of one channel is shown in Fig. 9 . The curve is found to be a straight line up to 140 kHz, with a slope of 0.99 and intercept ∼ 0.16. Same parameters are obtained for other three channels also.
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Summary and outlooks
One 4-channel TTL scaler has been fabricated to count the signals from any detector. This is a part of our regular detector R&D programme. The scaler has the following features. (a) The scaler has 4 channels, (b) each channel has 10 digit display, (c) the scaler can accept TTL input, (d) it can accept the maximum count rate of 140 kHz, (e) the maximum preset time can be set to 120 minutes and (f) count is displayed once the counting is stopped. The count rate of the TTL scaler is calibrated with a function generator. The calibration curve is found to be a straight line with a calibration factor of 0.99 and intercept ∼ 0.16. So this scalar is a low priced one and suitable for the counting of signals from a detector.
In future we are planning to build a scaler in standard NIM format and will be communicated at a later stage.
